The article presents the results of the effect of vibroabrasive machining using as a working medium balls of steel-check on the properties of disks made of steel NC11 (X160CrMoV121). Tribological tests using the tester T-01 made it possible to determine the relationship of time of shot peening on the coefficient of friction and wear linear-in. They were presented typical consumption profiles. KEYWORDS: vibro-abrasive machining, tumbling, rotofinish, shot peening, tribological tests
Abrasive machining in vibrating containers is one of the finishing touches. This is a kind of mechanicalchemical processing [1] , in addition to the machining medium -in the form of appropriately selected moldingsalso abrasive pastes or polishing aid fluids [2] . It depends on the microscopic irregularities in the surface of workpieces. It can be used to remove: oxide layers, scales, traces of thermal treatment, and rust. On the other hand, sharp edges are often rounded after machining [3, 4] . Surface bleaching is also possible, often understood as improvement of reflectivity [5] . Twostage processes (pre-smoothing followed by polishing using steel fittings) allow for more tangible effects of the shining process. This is followed by a distinct strengthening of the surface layer due to crushing [6] .
Tribological studies
Roughness of the metal sliding surface is essential when it comes to the type of friction occurring [7] . In the case of very smooth surfaces, the dominant role in the friction process is the adhesion of the sample surface to the metal surface of the counter. This results in a high friction coefficient -about twice as much as friction on more rough surfaces. The presence of strong adhesion also adversely affects the wear intensity [8] . The phenomenon of adhesion during friction on smooth metal surfaces is even more pronounced as the pressure increases, resulting in an increase in the actual contact surface and approximation of the coherent particles [9] . Like roughness, the hardness of the metal element has a significant, though less intense [10] effect on the type of overlapping sliding surfaces. With increased hardness of the metal surface, which is a measure of the strength of surface layer, the surface energy increases [9] . From a tribological point of view, occurrence of free energy on the metal surface causes excitation of atoms of the surface layer and thus increasing their chemical activity. This has a certain effect on the interaction of surfaces in contact (sphere-ball), initiating diffusion, sorption and adhesion. The rise in temperature caused by friction, which cannot be avoided, additionally increases the proportion of adhesion phenomena. This, in turn, is related to the increase in energy of surface, but not to surface energy [8] (surface tension), which decreases with increasing temperature. The increase in surface energy causes an increase in the vibration amplitude of atoms on the metal surface in a direction perpendicular to the surface, which favors the formation of bonds with foreign atoms on the surface of material (adhesion, sorption).
Test parameters
Vibro-abrasive machining with the use of metal ball process is increasingly used. Its effect is to achieve a glossy, reflective surface with low roughness. The aim of the study was to evaluate the effect of vibro-abrasive machining using metal fittings on the technically dry friction (TTS) of disc-sphere interphase in T-01 tester. Consideration was also given to the cross-sectional character of the resulting wear depending on the processing time.
The Rollwasch SMR-D25 vibro-abrasive machine with a working tank capacity of 25 liters was used for the tests. In the tumbler, approximately 15 kg of SB-type lathe belts were used for polishing and strengthening. The impact of the fittings in vibration treatment resembles the process of balling. In addition, the process was carried out with FE L120-B32/R support fluid to wet the surface and protect it against the external environment. The vibration frequency of the container was set at 2500 Hz. Shields were placed in the tank for 60 and 120 min, respectively. The case was also considered, where both elements of the tribological association -shield and ball -were placed for 120 minutes.
Tribological studies were carried out at the Department of Mechanics at the Świętokrzyski University of Technology using the T-01M tribological tester, working in conjunction with the ball-disc in accordance with ASTM G 99 standards. The discs were made of NC11 steel (X160CrMoV121), while the balls were made of 100Cr6 steel with a diameter of 3 mm. The basis of the study was technically dry friction for the discs of material in question in the initial state, referring to 60 and 120 min discs; the case of the shield and balls affected in the vibrating container was considered for 120 min. The temperature during tests was 22.5 °C (±1 °C), the atmospheric pressure was 978.4 hPa (±4 hPa), while the air humidity was about 39.7% (±5%).
The tribological tester software continually collects information and presents it as a graph of friction and linear wear depending on the duration of the test (see Figure 1 for an example). Note that the coefficient of friction is the value of the friction force at a given moment related to the load of the steel ball (10 N).
Based on observations of the weld profiles formed after the tribological test using the Talysurf CCI Lite profiler -Taylor Hobson, exemplary profiles with crosssectional examples are shown in Figure 2 . Various traces of the resulting debris, which have a decisive effect on friction coefficient and linear wear, are evident. These factors increase with the duration of the reinforcement, while the wear field decreases and has a milder character, devoid of numerous recesses and hills. Based on the microhardness tests, Figure 3 shows the dependence of the hardness on balling duration. Hardness was measured on a Vickers scale with a constant load of 1 kg; the single measurement time was 15 seconds. 
Conclusions
Vibro-abrasive treatment using steel beads is an effective method of surface brightening.
Balling machining by vibration treatment increases the coefficient of friction μ from about 0.48 to 0.62. Linear wear also increases. It should be noted that at 120 min of balling of discs and spheres, the linear wear is nearly twice as small (50 μm) than in the corresponding test, where only the disc was strengthened by balling (92 μm).
Vibro-abrasive machining with steel beads reduces the hardness of discs. Before the impact of the vibrating balls, the hardness of discs was about 200 HV and decreased by about 10 HV for every 60 minutes of impact.
In the initial state, the discs had increased hardness, which was due to elastic-plastic deformation after machining. Balling relaxes the surface layer.
